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Abstract
Background: Cytogenetically visible unbalanced chromosomal abnormalities (UBCA), reported for >50 euchromatic
regions of almost all human autosomes, are comprised of a few megabases of DNA, and carriers are in many cases
clinically healthy. It may be speculated, that some of the UBCA may be similar or identical to copy number variants
(CNV) of the human genome.
Results: Here we report on a yet unreported cytogenetically visible copy number variant (CNV) in the long arm of
chromosome 8, region 8q21.2, detected in three unrelated clinically healthy carriers.
Conclusion: The first description of a cytogenetically visible CNV/UBCA in 8q21.2 shows that banding cytogenetics
is far from being outdated. It is a cost efficient, up-to-date method for a single cell specific overview on the whole
genome, still prepared to deliver unexpected findings.
Background
Structural variation of the human genome including
large insertions and deletions of DNA, denoted as copy-
number variants (CNVs), as well as balanced chromoso-
mal rearrangements, such as inversions, contribute to a
major proportion of genetic variance in human [1]. Up
to 12% of genome is constituted by CNV, which can
arise both meiotically and somatically [2-4]. CNV were
identified by array-based approaches and include hun-
dreds of previously undetected structural variants in the
human genome [5-7].
The finding of unbalanced chromosomal abnormalities
(UBCA) was recently reviewed and summarized from a
total of 200 families [8,9]. UBCA usually involve several
megabases of DNA, and carriers of such a UBCA are
ascertained in most cases either through an abnormal
phenotype or adverse reproductive effects [10,11].
Recently, it became possible to connect DNA poly-
morphism at a molecular genetic with microscopically
visible molecular cytogenetic level by using CNV-specific
bacterial artificial chromosomes (BACs) as probes for
fluorescence in situ hybridization (FISH) [4,7,12]. Apply-
ing such a CNV-specific BAC from 8q21.2 we were able
to characterize a new chromosomal region involved in a
cytogenetic visible UBCA in three healthy persons.
Results
One female (case 1) and two male (cases 2 and 3) were
studied by banding cytogenetics. Cases 1 and two were
of Middle-European descent, while case 3 was Japanese.
Case 1 was referred for reasons of family planning, as
there was mental retardation and cystic fibrosis observed
within close relatives. Case 2 was studied due to fertility
problems and planned ICSI and case 3 had azoospermia
with infertility.
In all three unrelated individuals one chromosome 8
had an abnormal GTG-banding pattern, suggesting a
duplication, insertion or inversion (Figure 1). Molecular
cytogenetics applying a panel of BAC probes from the
corresponding region in 8q21 did not show any aberrant
signal patterns (RP11-27N21, RP11-260D13, RP11-
317J10, RP11-354A14 - results not shown). However,
applying the CNV-spanning BAC RP11-96G1 at position
86,898,422 to 86,955,420 in 8q21.2 revealed a stronger
s i g n a lo nt h ed e r i v a t i v ec h r o m o s o m e8( F i g u r e2 ) .T h e
signal intensities were quantified in 50 to 100 interphase
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soft.net/draw.html) software (Figure 3). This revealed a
difference for the two BAC signals BAC RP11-96G1 of
~60% for all three cases (data not shown). Thus, a cyto-
genetically visible CNV in 8q21.2 is responsible for the
aberrant chromosomal banding pattern on the corre-
sponding chromosome 8, which is covered by BAC
RP11-96G1.
Conclusion
A CNV of 8q21.2 covered by the BAC RP11-96G1 was
initially described by [5] identified by DNA-array-based
methods. In that study, 10 out of 39 healthy individuals
had a CNV in the corresponding region. Three of the
persons showed a gain, seven a loss of copy numbers in
86.8 to 87.0 Mb. Here for the first time the same CNV
was detected as UBCA cytogenetically in three unrelated
healthy persons of different ethnic origin. This suggests
that the CNV/UBCA in 8q21.2 might be quite frequent
in the human population; however, as it is not easily
recognized by GTG-banding up to present was simply
not recorded in most of the cases.
Interestingly, the CNV/UBCA region was already
found to be involved in gene amplification in breast [13]
and prostate cancer [14], as well as in aberrant methyla-
tion in osteosarcoma [15]. However, the impact of that
has to be elucidated in future.
Overall, this description of a cytogenetically visible
CNV/UBCA in 8q21.2 shows that banding cytogenetics
is still far from being outdated. On the contrary, it is a
cost efficient up-to-date method for a single cell specific
overview on the whole genome, still prepared to deliver
unexpected findings.
Material and methods
Banding cytogenetic analyses of peripheral blood lym-
phocytes was performed according to standard protocols
[16]. Molecular cytogenetic analysis using BAC-probes
was done as previously reported [17]. 20 metaphases per
case and BAC probe were analyzed, each. The BACs
RP11-27N21, RP11-260D13, RP11-317J10, RP11-354A14
and RP11-96G1 were obtained from BACPAC Chori
and the extracted DNA labeled as described in [17].
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Figure 1 Result if GTG-banding. Chromosome banding revealed
in three independent cases an enlarged band 8q21.2 (arrowheads).
Figure 2 CNV-specific BAC-FISH-result. CNV-specific BAC-FISH
applying the probe RP11-96G1 at position 86,898,422 to 86,955,420
in 8q21.2 (red signals) revealed a stronger signal on the derivative
chromosomes 8 (arrowhead) compared to those signals on the
normal chromosomes 8. For case 3 intentionally chromosomes at a
low banding resolution are depicted to demonstrate that the CNV is
also, maybe even better, visible on short chromosomes.
Figure 3 Scion Image signal intensity measurement.I n
interphase it is obvious that there is a CNV but no duplication of
the signal RP11-96G1 produces. This is a typical pattern as observed
in all up to now studied CNV-specific BACs [4,12]. Applying Scion
Image (Scion Corp: http://en.bio-soft.net/draw.html) signal intensity
measurement was done, revealing an approximate duplication of
signal intensity on the ‘derivative’ chromosome 8. The arrowhead
highlights the larger signal in case 2.
Manvelyan et al. Molecular Cytogenetics 2011, 4:1
http://www.molecularcytogenetics.org/content/4/1/1
Page 2 of 3Authors’ contributions
MM participated in the molecular cytogenetics studies and drafted the
manuscript. FWC, JL and RK provided two of the three studied patients
including clinical data, performed cytogenetic analysis and provided GTG-
banding figure. CK, CR and HR, provided one of the three studied patients
including clinical data, CK and CR performed cytogenetic analysis and
provided GTG-banding figures. CS carried out the FISH evaluation with Scion
Image-software. EE, KK, MZ and NK participated in and carried out the
molecular cytogenetics studies and set up the FISH-probes. TL edited the
manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 26 November 2010 Accepted: 5 January 2011
Published: 5 January 2011
References
1. Sebat J: Major changes in our DNA lead to major changes in our
thinking. Nat Genet 2007, 39:S3-5.
2. Hastings PJ, Lupski JR, Rosenberg SM, Ira G: Mechanisms of change in
gene copy number. Nat Rev Genet 2009, 10:551-564.
3. Bruder CE, Piotrowski A, Gijsbers AA, Andersson R, Erickson S, Diaz de
Ståhl T, Menzel U, Sandgren J, von Tell D, Poplawski A, Crowley M, Crasto C,
Partridge EC, Tiwari H, Allison DB, Komorowski J, van Ommen GJ,
Boomsma DI, Pedersen NL, den Dunnen JT, Wirdefeldt K, Dumanski JP:
Phenotypically concordant and discordant monozygotic twins display
different DNA copy-number-variation profiles. Am J Hum Genet 2008,
82:763-771.
4. Mkrtchyan H, Gross M, Hinreiner S, Polytiko A, Manvelyan M, Mrasek K,
Kosyakova N, Ewers E, Nelle H, Liehr T, Volleth M, Weise A: Early embryonic
chromosome instability results in stable mosaic pattern in human
tissues. PLoS One 2010, 5:e9591.
5. Iafrate AJ, Feuk L, Rivera MN, Listewnik ML, Donahoe PK, Qi Y, Scherer SW,
Lee C: Detection of large-scale variation in the human genome. Nat
Genet 2004, 36:949-951.
6. Sebat J, Lakshmi B, Troge J, Alexander J, Young J, Lundin P, Månér S,
Massa H, Walker M, Chi M, Navin N, Lucito R, Healy J, Hicks J, Ye K, Reiner A,
Gilliam TC, Trask B, Patterson N, Zetterberg A, Wigler M: Large-scale copy
number polymorphism in the human genome. Science 2004, 23:525-528.
7. Database of genomic variants. [http://projects.tcag.ca//variation/].
8. Barber JC: Directly transmitted unbalanced chromosome abnormalities
and euchromatic variants. J Med Genet 2005, 42:609-629.
9. Barber JC: The chromosome anomaly collection. [http://www.ngrl.org.uk/
Wessex/collection/ubca_chart.htm].
10. Liehr T, Stumm M, Wegner R-D, Bhatt S, Hickmann P, Patsalis PC, Meins M,
Morlot S, Klaschka V, Ewers E, Hinreiner E, Mrasek K, Kosyakova N, Cai WW,
Cheung SW, Weise A: 10p11.2 to 10q11.2 is a yet unreported region
leading to unbalanced chromosomal abnormalities without phenotypic
consequences. Cytogenet Genome Res 2009, 24:102-105.
11. Liehr T, Bartels I, Zoll B, Ewers E, Mrasek K, Kosyakova N, Merkas M,
Hamid AB, von Eggeling F, Posorski N, Weise A: Is there a yet unreported
unbalanced chromosomal abnormalities without phenotypic
consequences in proximal 4p? Cytogenet Genome Res 2011, 132:121-123.
12. Weise A, Gross M, Mrasek K, Mkrtchyan H, Horsthemke B, Jonsrud C, Von
Eggeling F, Hinreiner S, Witthuhn V, Claussen U, Liehr T: Parental-origin-
determination fluorescence in situ hybridization distinguishes
homologous human chromosomes on a single-cell level. Int J Mol Med
2008, 21:189-200.
13. Choschzick M, Lassen P, Lebeau A, Marx AH, Terracciano L, Heilenkötter U,
Jaenicke F, Bokemeyer C, Izbicki J, Sauter G, Simon R: Amplification of
8q21 in breast cancer is independent of MYC and associated with poor
patient outcome. Mod Pathol 2010, 23:603-610.
14. Rubin MA, Varambally S, Beroukhim R, Tomlins SA, Rhodes DR, Paris PL,
Hofer MD, Storz-Schweizer M, Kuefer R, Fletcher JA, Hsi BL, Byrne JA,
Pienta KJ, Collins C, Sellers WR, Chinnaiyan AM: Overexpression,
amplification, and androgen regulation of TPD52 in prostate cancer.
Cancer Res 2004, 64:3814-3822.
15. Sadikovic B, Yoshimoto M, Al-Romaih K, Maire G, Zielenska M, Squire JA: In
vitro analysis of integrated global high-resolution DNA methylation
profiling with genomic imbalance and gene expression in osteosarcoma.
PLoS One 2008, 3:e2834.
16. Verma R, Babu A: Human Chromosomes: Principles & Techniques.
McGraw-Hill, Inc.; New York;, 2 1995.
17. Liehr T, Weise A, Heller A, Starke H, Mrasek K, Kuechler A, Weier HU,
Claussen U: Multicolor chromosome banding (MCB) with YAC/BAC-based
probes and region-specific microdissection DNA libraries. Cytogenet
Genome Res 2002, 97:43-50.
doi:10.1186/1755-8166-4-1
Cite this article as: Manvelyan et al.: New cytogenetically visible copy
number variant in region 8q21.2. Molecular Cytogenetics 2011 4:1.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Manvelyan et al. Molecular Cytogenetics 2011, 4:1
http://www.molecularcytogenetics.org/content/4/1/1
Page 3 of 3